Abstract: This study describes the feasibility and optimization of reactive dyeing on bio treated cotton knitted fabrics.
Introduction
Raw grey cotton fibers contain some non-cellulosic impurities which mostly are located on the outer surface of the fibers. The surface layer which contains fats and waxes, organic acids, proteins is responsible for hydrophobic property of cotton fabrics 1) . To obtain better absorbency and wettability, the removal of those impurities present in raw cotton is an essential step for subsequent dyeing and finishing processes 2, 15, 16) .
If this pectin wall can be partially hydrolyzed, then a higher hydrophilic property of the fiber can be obtained without fibers deterioration 3) . Scouring with sodium hydroxide is conventionally carried out at higher temperatures to hydrolyze these waxy compounds, but this treatment requires an extensive rinsing process, thereby cellulose fabrics may also be subject to oxidative damage 4) which reduces their tensile strength. Alkaline scouring may also cause fabric shrinkage and changes in physico-mechanical properties on fabrics, e.g. their handle 5) .
Bio scouring with enzymes is one of the most promising alternatives to conventional scouring process.
Although a few enzymes such as pectinases 6) , cellulases 7) , proteases 8) , xylanases, and lipases 9) were screened and evaluated for bio scouring.
Pectinases have been proven to be the most effective for cotton fabric scouring treatment 5) . Pectinase is a multi-component enzymatic preparation highly effective in depolymerizing vegetable pectin's with varying degrees of esterification, having several enzymatic activities and differing in substrate preference, reaction mechanism, and action pattern 10) . 
Bio pretreatment of cotton knitted fabrics
Cotton knitted fabrics(~15g each) were subjected to enzymatic pretreatment prior to the dyeing. The bio scouring was carried out in an enzyme bath with
(1-5g/l) concentration and a liquor ratio of 10:1 under alkaline pH 8.5. The samples were refluxed in the enzymatic buffer solution for 15min. To enhance the accessibility of enzymes towards pectin and waxes substrates, 1wt.% nonionic surfactant, and sequestering agent were also added into the bath. The samples were then washed in boiling water for 2min to deactivate enzyme followed by washing with distilled water for several times. The treated cotton knits were air dried in the end.
Conventional scouring of cotton knitted fabrics
The cotton knitted fabrics were also subjected to conventional alkali scouring treatment with 2% caustic soda 0.5% sandopan DTC, 2g/l Sirrix AK under reflux for 60min using material to liquor ratio of 1:10 at 100°C. After alkaline scouring, the fabrics were washed three times with warm water and cold rinse. Then the pH of the alkali treated fabrics is neutralized with 0.25g/l acetic acid for 10min at 60°C. Then they are washed with hot water and then cold water.
Oxidative bleaching of bio pretreated and conventionally treated fabrics
Both the conventional and bio pretreated fabrics were treated with 3.0ml/l hydrogen peroxide, 1.5g/l Sirrix ANT OX IN liquor, 3.0ml/l caustic soda, 0.5g/l stabilizer(SIFA) and 2g/l imerol JSF liquor under reflux for 30min using material to liquor ratio 1:10 at 100°C. After bleaching, the fabrics were washed thoroughly with hot water followed by a cold water rinse.
Reactive dyeing of cotton knitted fabrics
The objective of this study was to ensure the utilization of bio pretreated fabrics for dyeing and to at 60°C. After that 15g/l soda ash was added into the bath and fabrics were again processed for additional 30min. After then fabrics were thoroughly washed with hot water and cold rinse respectively followed with a detergent wash and acetic acid neutralization step. In the end the fabrics were subsequently washed and air dried.
Testing and analysis
Degradation of the pectin and waxes impurities is between conventionally dyed and bio pretreated dyed, bio pretreated bleached and dyed was evaluated with the help of color x-rite eye 7000A spectrophotometer.
The total color difference was assessed by using the equation(2).
············· (2) whereas ΔE is the total color difference, ΔL=lightness effect on the waxy compounds( Table 1 and Table 2 ).
Effect of temperature on fabric was concentration dependent. Furthermore, the gradual increase in weight loss was appeared as the treatment done at higher temperature for 15min. With an optimal enzyme dose(5g/l) caused the maximum degradation of impurities ( Figure 1 ). The fact that temperature affected the effect of enzymes 14) and wettability properties of the fabrics confirmed that treatment at high temperature(80°C) increased the water absorbency and significantly reduced the wetting time of the fabrics when treated with pectate lyases enzymes. This is because at higher temperature, interaction of thermo-stable Bactosol Co.
ip liquor with hydrophobic constituent gets facilitated since the majority of the hydrophobic constituents are above their melting temperature 13, 14) .
Pectate lyases was found to be equally efficient in terms of improved absorbency as high temperature caused to swell the cotton fibrils, and swelling improved the accessibility of enzymes, which in turn The experimental results showed that the pectate lyases enzymes are thermo stable enzymes compared to the weight loss of fabrics treated with pectate lyases alkaline pectinases enzymes.
As seen in Figure 2 , the enzyme is significantly higher when raising the temperature from 40°C to 80°C. Since the melting temperature of pectin is around 100°C due to the complex distribution of waxes present in cotton, the reason that absorbency of the fabrics treated with pectate lyases at high temperature is abruptly increased could be because of the high accessibility of enzymes to the pectin substrate. The pectinases enzymes tend to denature after 60°C temperature, therefore low absorbency and low weight loss was observed.
Effect of peroxide bleaching on cotton knitted fabrics
To evaluate the effect of enzymes on fabrics for subsequent dyeing, bio pretreated and bleached fabrics was subjected to whiteness index measurement. For comparison, grey cotton and alkali treated samples were tested. Whiteness index of grey cotton knitted was 11.1. The bio and alkali treated fabrics were bleached with hydrogen peroxide(pH 10) at 100°C for 30min.
In Table 3 , results show that alkaline scoured samples are whiter than bio pretreated fabrics. The degree of whiteness significantly increased after peroxide bleaching and the differences in whiteness from previous scouring visually disappeared. With pectinases scoured and bleached samples, a high degree of whiteness was not achieved and the Table 4 proves that color difference between chemically treated and pectate lyases treated dyed fabrics is lower than the pectinases treated dyed fabrics. This may be attributed to the lower absorbency and whiteness index of the pectinases fabrics which increase the color difference between the dyed fabrics.
Test samples After scouring After bleaching
On the other hand, at lower dye concentration 0.5%, the color difference between enzymatic treated fabrics was rather big and perceptible, and there is a significant difference occurring between the pretreated and bleached dyed fabrics. Therefore it is clear that for lighter shades, bleaching step is necessary to 
Fastness properties of dyed fabrics
Even dyeing of fabrics may be rendered worthless if the washing fastness properties of the fabrics are poor. Fastness properties are dependent upon the adequate dye exhaustion of the fabrics. Dye penetration is directly proportional to the fabric absorbency.
Staining on adjacent material and change in color was assessed by five step gray scale. Table 5 and Table 6 shows the fastness properties of pectinases dyed/bleached and pectate lyases dyed /bleached fabrics respectively. Pectinases scoured and dyed fabrics which show less fastness properties at high dye concentration due to less absorbency dye molecules left onto the surface show poor fastness properties. Therefore it is clear that pectinases scoured fabrics cannot be dyed without peroxide bleaching, whereas pectate lyases scoured ones can be dyed when higher dye concentration is used.
Conclusion
We have investigated two enzymes, pectinases, and 
